TCT-351: Optimal Stent Positioning with Intravascular Ultrasound Marking Technique as a Method for Minimizing Geographic Miss  by unknown
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'(6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K\SHUSODVLD+RZHYHU FKDQJHVRFFXUULQJ LQQDWLYHYHVVHOV VXUURXQGLQJ VWHQWV KDYHQRW EHHQZHOO
VWXGLHG7KHDLPRIWKLVVWXG\LVWRLQYHVWLJDWHFRURQDU\SHULVWHQWUHPRGHOLQJDIWHULPSODQWDWLRQRI
VLUROLPXVHOXWLQJVWHQW6(6&\SKHU&RUGLVYHUVXV]RWDUROLPXVHOXWLQJVWHQW=(6(QGHDYRU6SULQW
0HGWURQLFXVLQJLQWUDYDVFXODUXOWUDVRXQG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0HWKRGV 7KH VWXG\ SRSXODWLRQ FRPSULVHG  SDWLHQWV PDOH Q  DJH  \HDUVZLWK DFXWH
P\RFDUGLDOLQIDUFWLRQIURPWKH'(6UHJLVWU\RI6HYHUDQFH&DUGLRYDVFXODU+RVSLWDOZKRZHUHWUHDWHG
HLWKHUZLWK6(6Q RU=(6Q EHWZHHQ-DQXDU\DQG'HFHPEHUDQGHYDOXDWHGZLWK
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WKHDQDO\VLV&KDQJHV LQ ,986SDUDPHWHUV IURPLPPHGLDWHSRVW3&, WR IROORZXSZHUHFRPSDUHG
EHWZHHQ6(6DQG=(6
5HVXOWV%DVHOLQHFOLQLFDODQGOHVLRQFKDUDFWHULVWLFVZHUHQRWGLIIHUHQWEHWZHHQWKHWZR'(6W\SHV
1HRLQWLPDOYROXPHREVWUXFWLRQZDVVLJQL¿FDQWO\JUHDWHULQ=(6FRPSDUHGZLWK6(6
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((0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PPYVPP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ZDVPRUHIUHTXHQWO\REVHUYHGLQ
6(6JURXSFRPSDUHGWR=(6JURXS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6(6DOVRFDXVHGPRUHSRVLWLYHSHULVWHQWYDVFXODUUHPRGHOLQJ:KHWKHUWKHSRVLWLYHSHUVLVWHQWYDVFXODU
UHPRGHOLQJFRQWULEXWHVWRGHYHORSPHQWRISHULVWHQWDQHXU\VPQHHGVWREHYDOLGDWHGLQIXWXUHVWXGLHV
WKHFOLQLFDOLPSOLFDWLRQRIWKLVREVHUYDWLRQLVQRWNQRZQ
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1HFURWLFFRUHFRPSRQHQWVDUH$VVRFLDWHGZLWK3ODTXH3URJUHVVLRQLQ3DWLHQWVZLWK$QJLQD
3HFWRULVZLWK,QWHUPHGLDWH&RURQDU\6WHQRVLV
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%DFNJURXQG,WLVQRWZHOONQRZQZKLFKOHVLRQVDUHSURJUHVVHGRUUHJUHVVHGLQSDWLHQWVZLWKDQJLQD
SHFWRULVZKRXVHVVWDWLQV
2EMHFWLYHV:HDVVHVVHG WKH LPSDFWRISODTXHFRPSRQHQWVRQSODTXHSURJUHVVLRQ LQSDWLHQWVZLWK
DQJLQDSHFWRULVZKRXVHGPJGRIURVXYDVWDWLQXVLQJYLUWXDOKLVWRORJ\LQWUDYDVFXODUXOWUDVRXQG
9+,986
0HWKRGV$WRWDORISDWLHQWVZKRXQGHUZHQWEDVHOLQHDQGPRQWKIROORZXS9+,986IRUQRQ
LQWHUYHQHGLQWHUPHGLDWHFRURQDU\VWHQRVLVZHUHJURXSHGDFFRUGLQJWRWKHSODTXHSURJUHVVLRQQ 
RUSODTXHUHJUHVVLRQQ DWWKHEDVHOLQHPLQLPXPOXPHQDUHD0/$VLWH0HDVXUHPHQWVZHUH
PDGHE\HYHU\PPLQWHUYDOIRUWKHUHJLRQRILQWHUHVWZKLFKZDVGH¿QHGDVWKHVHJPHQWEHWZHHQ
GLVWDOWRSUR[LPDOUHIHUHQFHVLWHVWKDWZHUHWKHPRVWQRUPDOORRNLQJZLWKLQPPSUR[LPDODQGGLVWDO
WRWKHOHVLRQ7KHVDPHDQDWRPLFLPDJHVOLFHVZHUHDQDO\]HGDWEDVHOLQHDQGDWIROORZXSE\XVLQJD[LDO
ODQGPDUNVDQGWKHNQRZQSXOOEDFNVSHHGRIWKHWUDQVGXFHU9+,986DQDO\VLVFODVVL¿HGWKHFRORU
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¿EURIDWW\))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7KLQFDS¿EURDWKHURPD7&)$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5HVXOWV)ROORZXS/'/FKROHVWHUROZDVQRWVLJQL¿FDQWO\GLIIHUHQWEHWZHHQSODTXHSURJUHVVRUVDQG
UHJUHVVRUVYVPJGOS %DVHOLQH1&DUHDZDVVLJQL¿FDQWO\JUHDWHU
YVS DQGEDVHOLQH))DUHDZDVVLJQL¿FDQWO\VPDOOHUYV
S DWWKH0/$VLWHLQSODTXHSURJUHVVRUVFRPSDUHGZLWKSODTXHUHJUHVVRUV7&)$ZDVREVHUYHG
PRUHIUHTXHQWO\LQSODTXHSURJUHVVRUVFRPSDUHGZLWKSODTXHUHJUHVVRUVYVS 7KH
FKDQJHRISODTXHSOXVPHGLDDUHDIURPEDVHOLQHWRIROORZXSDWWKH0/$VLWHFRUUHODWHGZLWKEDVHOLQH
1&DUHDU S EDVHOLQH))DUHDU S DQGEDVHOLQH)7DUHDU 
S %DVHOLQH1&DUHDDWWKH0/$VLWHLVDQLQGHSHQGHQWSUHGLFWRURISODTXHSURJUHVVLRQ
DWIROORZXS25&,S 
&RQFOXVLRQV,QSDWLHQWVZLWKDQJLQDSHFWRULVZKRXVHVXVXDOGRVHRIURVXYDVWDWLQDQGUHDFKHVIROORZ
XS/'/FKROHVWHURODURXQGPJGOEDVHOLQH1&FRPSRQHQWLVDVVRFLDWHGZLWKSODTXHSURJUHVVLRQ
7&7
$VVRFLDWLRQ2I&RPSOH[$QJLRJUDSKLF0RUSKRORJ\ZLWK3ODTXH5XSWXUHDQG7KLQ)LEURXV
&DS%\2SWLFDO&RKHUHQFH7RPRJUDSK\
$QGUHDV6\QHWRV.RQVWDQWLQRV7RXWRX]DV0DULD5LJD0DULD'UDNRSRXORX$QWRQLRV
.DUDQDVRV.RQVWDQWLQRV6WDWKRJLDQQLV$UFKRQWRXOD0LFKHORQJRQD(OHIWKHULRV7VLDPLV(OOL
6WHIDQDGL&KULVWRGRXORV6WHIDQDGLV
+LSSRNUDWLRQ+RVSLWDO$WKHQV*UHHFH
%DFNJURXQG &RPSOH[ OHVLRQV E\ FRURQDU\ DQJLRJUDSK\ DUH DVVRFLDWHG ZLWK ZRUVH RXWFRPH LQ
SDWLHQWVZLWKFRURQDU\KHDUWGLVHDVH+RZHYHULWKDVQRWEHHQLQYHVWLJDWHGZKHWKHUWKHVHOHVLRQVDUH
DVVRFLDWHGZLWKGLVWLQFWPRUSKRORJLFDOFKDUDFWHULVWLFVRIWKHDWKHURPDWLFSODTXHDVDVVHVVHGE\RSWLFDO
FRKHUHQFHWRPRJUDSK\2&7LPDJLQJ7KHUHIRUHZHLQYHVWLJDWHGLQSDWLHQWVZLWKDFXWHFRURQDU\
V\QGURPHV $&6 ZKHWKHU WKHUH LV D UHODWLRQ EHWZHHQ WKH DQJLRJUDSKLF DQG WKH PRUSKRORJLFDO
FKDUDFWHULVWLFVRIWKHFXOSULWOHVLRQ&/
0HWKRGV 6L[W\ VHYHQ SDWLHQWVZLWK$&6ZHUH LQFOXGHG LQ WKH VWXG\&RURQDU\ DQJLRJUDSK\ DQG
VXEVHTXHQW2&7VWXG\RIWKHFXOSULWOHVLRQZHUHSHUIRUPHGZLWKLQKRXUVIURPV\PSWRPRQVHW
:HFDWHJRUL]HGWKH&/VRQWKHEDVLVRIWKH$+$$&&FODVVL¿FDWLRQDVFRPSOH[%RU&RUQRQ
FRPSOH[$RU%%\2&7ZHPHDVXUHGWKHFDSWKLFNQHVV)&7RQWKHWKLQQHVWSDUWRYHUDOLSLG
SRRODQGUHFRUGHGWKHSUHVHQFHRISODTXHUXSWXUH/LSLGDQGFDOFL¿FFRQWHQWZHUHVHPLTXDQWLWDWLYHO\
DVVHVVHGE\PHDVXULQJWKHDUFRIOLSLGDQGFDOFLXPUHVSHFWLYHO\LQTXDGUDQWV7KLQFDS¿EURDWKHURPD
ZDVGH¿QHGDVDOHVLRQZLWK! OLSLGTXDGUDQWVDQGFDSWKLFNQHVV XP
5HVXOWV7KHPDMRULW\RIWKHOHVLRQVQ ZDVFKDUDFWHUL]HGE\DQJLRJUDSK\DVFRPSOH[2&7
LPDJHDFTXLVLWLRQZDVSHUIRUPHGVXFFHVVIXOO\LQDOOOHVLRQV0HDQ)&7RIDOOOHVLRQVZDVXP
7KHSUHVHQFHRIUXSWXUHZDVLGHQWL¿HGLQRIOHVLRQVQ 0HDQ)&7RIWKHFRPSOH[OHVLRQV
ZDVXPYHUVXVXPLQWKHJURXSRIQRQFRPSOH[OHVLRQVS7KLUW\RIFRPSOH[
OHVLRQV SUHVHQWHGZLWK UXSWXUHZKLOH LQRQO\RXWRIQRQFRPSOH[ OHVLRQV D
UXSWXUHZDV LGHQWL¿HG S &RPSOH[ OHVLRQVZHUH DVVRFLDWHGZLWK WKLQ FDS ¿EURDWKHURPD LQ
RIWKHFDVHVQ ZKHUHDVDWKLQFDS¿EURDWKHURPDZDVIRXQGLQRQO\RIWKHQRQ
FRPSOH[OHVLRQVQ S1RVLJQL¿FDQWGLIIHUHQFHVZHUHIRXQGLQWKHOLSLGDQGFDOFL¿FFRQWHQW
EHWZHHQWKHWZRJURXSVS 16IRUERWKFRPSDULVRQV
&RQFOXVLRQ 2XU ¿QGLQJV LQGLFDWH WKDW DQJLRJUDSKLF FKDUDFWHULVWLFV RI WKH FXOSULW OHVLRQV DUH
DVVRFLDWHGZLWKFHUWDLQPRUSKRORJLFDOIHDWXUHVRI WKHSODTXH&RPSOH[OHVLRQVE\DQJLRJUDSK\DUH
DVVRFLDWHGZLWKWKLQ¿EURXVFDSDQGSODTXHUXSWXUHDVDVVHVVHGE\2&7
7&7
&RUUHODWLRQ%HWZHHQ1HDULQIUDUHG6SHFWURVFRS\DQG,QWUDYDVFXODU8OWUDVRXQGZLWK
9LUWXDO+LVWRORJ\,QWKH(YDOXDWLRQ2I&RURQDU\$WKHURVFOHURVLVD6LQJOH&HQWHU
([SHULHQFH
6DOYDWRUH%UXJDOHWWD+HFWRU0*DUFLD*DUFLD5REHUWR'LOHWWL-RDQQD:\NU]\NRZVND
-XUJHQ/LJWKDUW6DQQHNHGH%RHU-RVHS*RPH]/DUD5REHUW-DQYDQ*HXQV:LPYDQGHU
*LHVVHQ&DUO6FKXOW](YHO\Q5HJDU(ULF'XFNHUV1LFRODVYDQ0LHJKHP3HWHU3HWHUGH
-DHJHUH(ULF%RHUVPD7RQYDQGHU6WHHQ3DWULFN:6HUUX\V
7KRUD[FHQWHU(UDVPXV0&5RWWHUGDP1HWKHUODQGV&DUGLDO\VLV%95RWWHUGDP1HWKHUODQGV
%DFNJURXQG 1HDULQIUDUHG VSHFWURVFRS\ 1,56 LV D QHZ LPDJLQJ WHFKQLTXH DEOH WR LGHQWLI\
OLSLG FRUHFRQWDLQLQJ FRURQDU\ SODTXHV /&3 DOUHDG\ YDOLGDWHG LQ KXPDQ FRURQDU\ DXWRSV\ DQG
LQDQLQYLYRVWXG\,QWUDYDVFXODUXOWUDVRXQGYLUWXDOKLVWRORJ\,9869+KDVEHHQXVHGIRUWLVVXH
FKDUDFWHUL]DWLRQ7KHDLPRIRXUVWXG\LVWRFRUUHODWHWKH¿QGLQJVRI1,56DQG,9869+
0HWKRGV :H SHUIRUPHG 1,56 DQG ,9869+ SXOOEDFNV LQ D FRQVHFXWLYH VHULHV RI  SDWLHQWV
LQRXULQVWLWXWLRQ$PRQJWKHVHSDWLHQWVZHVHOHFWHGWKRVHZLWKDJRRGPDWFKLQJEHWZHHQWKHWZR
WHFKQLTXHVVHOHFWLQJDFRPPRQUHJLRQRILQWHUHVW52,EHWZHHQWZRVLGHEUDQFKHVFOHDUO\LGHQWL¿HG
LQ,9869+DQGLQ1,56ZLWKDODQGPDUN)RUHDFK52,ZHDQDO\]HGWKHOLSLGFRQWDLQLQJEORFN
FKHPRJUDPVDQGWKHOLSLGFRUHEXUGHQLQGH[E\1,56DQGSODTXHDUHDDQG9+FRPSRQHQWVRIHDFK
SODTXHE\,9869+7KHEORFNFKHPRJUDPUDQJHVIURPWRDFFRUGLQJWRWKHSUHVHQFHRIOLSLGV$
WKUHVKROGYDOXH!LQGLFDWHVDKLJKSUREDELOLW\RI/&37KHOLSLGFRUHEXUGHQLQGH[LVFDOFXODWHGE\
1,56IRURYHUDOOWKH52,
5HVXOWV WKHEORFNFKHPRJUDPVZLWKKLJKHUSUREDELOLW\RI/3&!VKRZHGDVLJQL¿FDQWKLJKHU
SODTXHDUHDPPYVPPSDQGKLJKHUQHFURWLFFRUHDUHD
PPYVPPSFRPSDUHGWRSDWLHQWVZLWKDYDOXHEHORZWKHPHGLDQ7KHEORFN
FKHPRJUDPFRUUHODWHGVLJQL¿FDQWO\ZLWKWKHSODTXHDUHDU SDQGZLWKQHFURWLFFRUHDUHD
U S,QWKHRYHUDOOSRSXODWLRQWKHUHZDVDOVRDJRRGFRUUHODWLRQEHWZHHQWKHOLSLGFRUH
EXUGHQLQGH[E\1,56DQGWKHSODTXHDUHDPPU S 
&RQFOXVLRQV/LSLGULFK1,56FRURQDU\SODTXHVWHQGWRKDYHELJJHUSODTXHDUHDDQGKLJKHUQHFURWLF
FRUHEXUGHQRQ,9869+DVFRPSDUHGWRWKHLUOLSLGSRRUFRXQWHUSDUWV$ODUJHVHULHVLVUHTXLUHGWR
FRQ¿UPWKHVHSUHOLPLQDU\GDWD
7&7
2SWLPDO6WHQW3RVLWLRQLQJZLWK,QWUDYDVFXODU8OWUDVRXQG0DUNLQJ7HFKQLTXHDVD0HWKRG
IRU0LQLPL]LQJ*HRJUDSKLF0LVV
0DVDWR2WVXND.HQ8PHGD0LWVXFKLND1DNDPXUD6RX7DNHQDND6KLJHWDGD6XJKDUD
5\XML+LJDVKLWD<XNLR7VXUXPL
+HDUW&HQWHU<RNRKDPD*HQHUDO+RVSLWDO<RNRKDPD-DSDQ7RLQ8QLYHUVLW\RI<RNRKDPD
<RNRKDPD-DSDQ
%DFNJURXQGV7KHORQJLWXGLQDOJHRJUDSKLFPLVVRIFRURQDU\VWHQWLQJLVNQRZQWREHDSUHGLFWRURI
ZRUVHRXWFRPHLQFOXGLQJWKHVWHQWHGJHUHVWHQRVLV
$LP7RLQYHVWLJDWHWKHDFFXUDF\RILQWUDYDVFXODUXOWUDVRXQG,986JXLGHGVWHQWSRVLWLRQLQJXVLQJ
,986PDUNLQJWHFKQLTXH
0HWKRGV&RQVHFXWLYHFRURQDU\VWHQWLQJSURFHGXUHVGUXJHOXWLQJDQGEDUHPHWDOVWHQWVLQ
VXEMHFWVZLWK,986JXLGDQFHZHUHH[DPLQHG7RPLQLPL]HWKHUHVLGXDOSODTXHEXUGHQDWWKHVWHQW
HGJHKHDOWK\WRKHDOWK\VWHQWLQJHDFKRSHUDWRUGHWHUPLQHGSUR[LPDODQGGLVWDO ODQGLQJSRVLWLRQ
7KH,986WUDQVGXFHUDWWKHRSWLPDOODQGLQJSRVLWLRQZDVUHFRUGHGRQ;UD\DQJLRJUDPDQGVDYHG
DVWKHERRNPDUNRQWKH/PRGH,986WUDFNLQJLPDJH,986PDUNLQJ$IWHUVWHQWLQJDFFXUDF\RI
WKHVWHQWSRVLWLRQLQJZDVDVVHVVHGRQ,986LPDJHZLWKWKHSRVLWLRQLQJHUURUGH¿QHGDVWKHGLVWDQFH
EHWZHHQWKHDFWXDOVWHQWHGJHDQGSUHGHWHUPLQHGERRNPDUN
5HVXOWV 7KH DYHUDJH SRVLWLRQLQJ HUURUZDV   PP7KH SUHGLFWRUV RI WKH SRVLWLRQLQJ HUURU
 PP WKH  SHUFHQWLOH YDOXHV ZHUH SUR[LPDO HGJHPDUNLQJ 55  &,   
FRPSDULQJ WR GLVWDO HGJH PDUNLQJ DQG WKH ORFDWLRQ RI SUR[LPDO OHIW FRURQDU\ DUWHU\ 55 
&,7KHGLIIHUHQFHRIRSHUDWRUVWDUJHWYHVVHOVVWDELOLW\RIJXLGLQJFDWKHWHUSUR[LPDO
3
2
6
7
(
5
:('1(6'$<6(37(0%(530±30
% -$&&9RO6XSSO% _ 6HSWHPEHU _ 7&7$EVWUDFWV3267(5,QYDVLYH,PDJLQJ
KWWSFRQWHQWRQOLQHMDFFRUJFRQWHQWYROB0HHWLQJ$EVWUDFWV
WRXUWXRXVLW\SUHGLODWLRQVWHQWW\SHVL]HOHQJWKDQGKHDUWUDWHGLGQRWLQÀXHQFHWKHGHJUHHRIWKH
SRVLWLRQLQJHUURUVWDWLVWLFDOO\
&RQFOXVLRQV6WHQWSRVLWLRQLQJZLWK,986PDUNLQJWHFKQLTXHSURYLGHVDFFXUDWHVWHQWGHSOR\PHQWLQ
YDULRXVVHWWWLQJIRUPLQLPL]LQJORQJLWXGLQDOJHRJUDSKLFPLVV
7&7
'H¿QLQJWKH7UXH7KUHVKROG2I0HDVXUHPHQW(UURULQWKH9ROXPHWULF9LUWXDO+LVWRORJ\
$QDO\VLVRI+LJK5LVN3ODTXHV,PSRUWDQW,PSOLFDWLRQVIRUWKH6HULDO6WXG\RI3ODTXH
&RPSRVLWLRQ
6FRWW:0XUUD\5RGQH\+6WDEOHV*HRUJH+DUW1LFN'3DOPHU
/LYHUSRRO+HDUWDQG&KHVW+RVSLWDO/LYHUSRRO8QLWHG.LQJGRP8QLYHUVLW\RI/LYHUSRRO
/LYHUSRRO8QLWHG.LQJGRP
%DFNJURXQG3UHYLRXV VWXGLHVH[DPLQLQJ WKHYDOLGLW\DQGYDULDELOLW\RI ,QWUDYDVFXODU8OWUDVRXQG
EDVHG9LUWXDO+LVWRORJ\ ,9869+KDYHEHHQFRQ¿QHG WR VWDEOHSDWLHQWVZLWKPLOGRUPRGHUDWH
GLVHDVH+RZHYHULQVHULDOFOLQLFDOVWXGLHVDFFXUDWHYROXPHWULFDQDO\VLVLVUHTXLUHGLQYROYLQJVHJPHQWV
ZLWKDKLJKSODTXHEXUGHQ1RGDWDFXUUHQWO\H[LVWVRQWKHH[DFWOHYHORISUHGLFWHGPHDVXUHPHQWHUURU
LQPPIRUWKHWHFKQLTXHLQWKLVVHWWLQJ:HVRXJKWWRGHWHUPLQHWKHWUXHYDOXHRIPHDVXUHPHQWHUURU
IRUYROXPHWULFSODTXHFKDUDFWHULVDWLRQLQKLJKULVNDFXWHFRURQDU\V\QGURPH$&6SDWLHQWV
0HWKRGV:HSHUIRUPHG,9869+DQDO\VLVDORQJGH¿QHGSUR[LPDOFRURQDU\VHJPHQWVLQYROYLQJDQ
$&6FXOSULWOHVLRQSULRUWR3&,XVLQJPRWRULVHGPPVHFSXOOEDFNV7KHGDWDZDVDQDO\VHGRIIOLQH
DWLQWHUYDOVRIWZRZHHNVE\WZRLQGHSHQGHQWH[SHULHQFHGRSHUDWRUVWRFRPSDUHIRULQWUDQ [
DQGLQWHUREVHUYHUQ YDULDELOLW\$XWRPDWHGIROORZHGE\PDQXDOOXPHQDQGYHVVHOFRQWRXU
GHWHFWLRQZDVSHUIRUPHGE\HDFKRSHUDWRUSULRUWRFRPSXWHUEDVHGFDOFXODWLRQRISODTXHFRQVWLWXHQW
YROXPHV ZKLFK ZHUH FRPSDUHG XVLQJ LQWUD FODVV FRUUHODWLRQ FRHI¿FLHQW ,&& :LWKLQVXEMHFWV
VWDQGDUGGHYLDWLRQV:66'PPZHUHDOVRGHWHUPLQHGDOORZLQJFDOFXODWLRQRIWKHUHSHDWDELOLW\
FRHI¿FLHQW5&2 [ΣΘΡΤξZLWKLQVXEMHFW6'LQPP7KLVGHWHUPLQHGWKHH[DFWHUURUOHYHO
WKDWRIIXWXUHPHDVXUHPHQWVZLOOQRWH[FHHG
5HVXOWV$OOLQWUDREVHUYHUPHDVXUHPHQWVKDG,&&!FRQ¿UPLQJH[FHOOHQWDJUHHPHQWRQUHSHDW
DQDO\VLVE\DVLQJOH LQGLYLGXDO0RUHLQWHUHVWLQJO\ WKHUHVXOWVIRU LQWHUREVHUYHUGLIIHUHQFHVDUHDV
IROORZV6HJPHQW/HQJWK,&& :66' PP5&2 PP7RWDO3ODTXH9ROXPH,&& 
:66' PP 5&2 PP )LEURXV 9ROXPH  ,&&  :66' PP 5&2 PP
)LEURIDWW\ 9ROXPH  ,&&  :66' PP 5&2 PP 1HFURWLF &RUH  ,&& 
:66' PP5&2 PP'HQVH&DOFLXP,&& :66' PP5&2 PP
&RQFOXVLRQ7KLVLQGHSWKPHDVXUHPHQWVWXG\LVWKH¿UVWWRGHWHUPLQHWKHWUXHWKUHVKROGRIHUURUIRU
UHSHDWPHDVXUHPHQWVLQ$&6SDWLHQWVZLWKDODUJHXQVWDEOHSODTXHEXUGHQ$OWKRXJKWKHLQWUDDQG
LQWHUREVHUYHU,&&VXJJHVWVH[FHOOHQWDJUHHPHQW!DVLQSUHYLRXVVWXGLHVLWPXVWEHQRWHGWKDW
WKLVPD\VWLOOUHVXOWLQDPHDVXUHPHQWHUURUEHWZHHQDQGPPIRULQGLYLGXDOSODTXHFRPSRQHQWV
)XWXUHVWXGLHVXWLOLVLQJYROXPHWULFSODTXHDQDO\VLVZLWK,9869+LQ$&6VKRXOGHQVXUHWKDWSODTXH
HQGSRLQWVGRQRWHQFURDFKXSRQWKHVH¿JXUHVDVLWPD\LQYDOLGDWHWKHLUUHVXOWV
7&7
$1RYHO$SSURDFKIRUWKH&RUHJLVWUDWLRQRI&RURQDU\$QJLRJUDSKLFDQG,QWUDYDVFXODU
8OWUDVRXQG,PDJHV$9DOLGDWLRQ6WXG\
6KHQJ[LDQ7X1LHOV5+ROP=KHQJ+XDQJ*HUKDUG.RQLQJ.DL&XL<XTLQJ+RX-RKDQ
+&5HLEHU
/HLGHQ8QLYHUVLW\0HGLFDO&HQWHU/HLGHQ1HWKHUODQGV$DUKXV8QLYHUVLW\+RVSLWDO6NHME\
'HQPDUN1DQIDQJ+RVSLWDO$I¿OLDWHGWR6RXWKHUQ0HGLFDO8QLYHUVLW\*XDQJ]KRX&KLQD
%DFNJURXQG7KHFRUHJLVWUDWLRQRIFRURQDU\;UD\DQJLRJUDSKLF;$DQGLQWUDYDVFXODUXOWUDVRXQG
,986LPDJHVLVH[WUHPHO\LPSRUWDQWIRUFRPELQLQJLQIRUPDWLRQIURPWKHWZRLPDJLQJPRGDOLWLHV
IRU WKHDVVHVVPHQWRI WKHH[WHQWRIFRURQDU\DUWHU\GLVHDVHDQGIRU WKHRQOLQHVXSSRUWRIFRURQDU\
LQWHUYHQWLRQV7KLVVWXG\SUHVHQWVWKH¿UVWSKDQWRPDQGLQYLYRYDOLGDWLRQUHVXOWVIRUDQHZ;$,986
UHJLVWUDWLRQDSSURDFK0HGLVPHGLFDOLPDJLQJV\VWHPVEY/HLGHQ7KH1HWKHUODQGV
0HWKRGV DQG 0DWHULDOV 7KH YHVVHO RI LQWHUHVW ZDV UHFRQVWUXFWHG IURP VHJPHQWHG FRURQDU\
VHJPHQWV IURPWZRDQJLRJUDSKLFYLHZVHLWKHUELSODQHRUPRQRSODQHYLHZVDQGUHJLVWHUHGZLWK
WKHFRUUHVSRQGLQJ,986SXOOEDFNVHULHVE\DGLVWDQFHPDSSLQJDOJRULWKP7KHDOJRULWKPHVWLPDWHG
WKHD[LDOSRVLWLRQRIHDFK,986FURVVVHFWLRQDOLPDJHIURPWKHUHFRQVWUXFWHGYHVVHOFHQWHUOLQHEDVHG
RQWKHFXUYDWXUHDQGKHQFHWRVNLSWKHUHFRQVWUXFWLRQRIWKHSXOOEDFNWUDMHFWRU\ZKLFKLVDQHFHVVDU\
DQG QRQWULYLDO VWHS LQ FRQYHQWLRQDO UHJLVWUDWLRQ DSSURDFKHV 7KH DFFXUDF\ RI WKH UHJLVWUDWLRQ
ZDVUHWURVSHFWLYHO\HYDOXDWHGRQGLIIHUHQWVLOLFRQHSKDQWRPVZLWKFRURQDU\VWHQWVSODFHGE\ WKH
FXORWWH WZRVWHQW WHFKQLTXH DQG RQ  SDWLHQWV ZKR XQGHUZHQW ERWK FRURQDU\ DQJLRJUDSK\ DQG
,986H[DPLQDWLRQVRIWKHOHIWDQWHULRUGHVFHQGLQJDUWHU\6WHQWERUGHUVRUVLGHEUDQFKHVZHUHXVHG
DVPDUNHUVIRUWKHYDOLGDWLRQ:KLOHWKHPRVWSUR[LPDOPDUNHUZDVVHWDVWKHUHIHUHQFHSRLQWIRUWKH
GLVWDQFHPDSSLQJWKHVXEVHTXHQWPDUNHUVZHUHXVHGWRHYDOXDWHWKHUHJLVWUDWLRQHUURU7KHFRUUHODWLRQ
EHWZHHQWKHUHJLVWUDWLRQHUURUDQGWKHGLVWDQFHIURPWKHHYDOXDWHGPDUNHUWRWKHUHIHUHQFHSRLQWZDV
DQDO\]HG
5HVXOWV 7KH UHJLVWUDWLRQ HUURU IRU WKH SKDQWRP YDOLGDWLRQZDV   PP )RU WKH LQYLYR
YDOLGDWLRQSDWLHQWVZHUHH[FOXGHGIURPWKHVWXG\GXHWRLQVXI¿FLHQWLPDJHTXDOLW\IRUWKHDQDO\VLV
,Q WRWDO  VLGHEUDQFKHVZHUH LGHQWL¿HG IURP WKH UHPDLQHG  SDWLHQWV DQG WKH UHJLVWUDWLRQ HUURU
ZDVHYDOXDWHGRQPDUNHUV7KHUHJLVWUDWLRQHUURULVPPS 7KHHUURUZDVQRW
FRUUHODWHGWRWKHGLVWDQFHEHWZHHQWKHHYDOXDWHGPDUNHUDQGWKHUHIHUHQFHSRLQWS 
&RQFOXVLRQ7KHQHZ;$,986UHJLVWUDWLRQDSSURDFKLVDVWUDLJKWIRUZDUGDQGUHOLDEOHVROXWLRQIRUWKH
LQWHJUDWLRQRI;UD\DQJLRJUDSKLFDQG,986LPDJLQJ,WSURYLGHVWKHLQWHUYHQWLRQDOLVWZLWKGHWDLOHG
LQIRUPDWLRQDERXWYHVVHOVL]HDQGSODTXHVL]HDWHYHU\SRVLWLRQDORQJWKHYHVVHORILQWHUHVWPDNLQJWKLV
DVXLWDEOHWRROGXULQJWKHDFWXDOLQWHUYHQWLRQ
7&7
7LVVXH&KDUDFWHUL]DWLRQV8VLQJ1HZO\'HYHORSHG0+],QWUDYDVFXODU8OWUDVRXQG
,PDJLQJ6\VWHP&DQ3UHGLFW6ORZ)ORZ3KHQRPHQRQ'XULQJ&RURQDU\,QWHUYHQWLRQ
0DNRWR8WVXQRPL\D0DVDWR1DNDPXUD
7RKR8QLYHUVLW\2KDVKL0HGLFDO&HQWHU7RN\R-DSDQ
2EMHFWLYHV7R HYDOXDWH WKH SODTXH FKDUDFWHULVWLFV WKDW SUHGLVSRVH WR WKH VORZ ÀRZ SKHQRPHQRQ
GXULQJSHUFXWDQHRXVFRURQDU\LQWHUYHQWLRQ3&,
%DFNJURXQG7KHVORZÀRZSKHQRPHQRQLVDVHULRXVFRPSOLFDWLRQRI3&,DQGLVDVVRFLDWHGZLWKD
ZRUVHSURJQRVLV,WLVGLI¿FXOWWRSUHGLFWWKLVSKHQRPHQRQIURPJUH\VFDOHLQWUDYDVFXODUXOWUDVRXQG
,986GDWDREWDLQHGEHIRUH3&,³L0DS70´LVQHZVRIWZDUHIRUDVVHVVLQJSODTXHFRPSRVLWLRQIURP
GDWDREWDLQHGE\0+],986LPDJLQJ
0HWKRGV 1LQHW\¿YH FRQVHFXWLYH SDWLHQWV XQGHUZHQW  0+] ,986 LQFOXGLQJ  ZLWK DFXWH
FRURQDU\V\QGURPHDQGZLWKVWDEOHOHVLRQV3ODTXHYROXPHZDVFDOFXODWHGE\,986DQGSODTXH
FRPSRQHQWVZHUHGHWHFWHGE\ L0DSVRIWZDUH7KHQSODTXHVZHUHFKDUDFWHUL]HGDV¿EURWLF OLSLGLF
QHFURWLFRUFDOFL¿HG&RUUHODWLRQVDPRQJSODTXHFKDUDFWHULVWLFVDQGWKHVORZÀRZSKHQRPHQRQZHUH
DQDO\]HG
5HVXOWV6ORZÀRZGXULQJ3&,ZDVREVHUYHGLQSDWLHQWV%RWKWKHDEVROXWHYROXPHDQG
SHUFHQWDJH RI QHFURWLF SODTXH ZHUH VLJQL¿FDQWO\ KLJKHU LQ WKH VORZ ÀRZ JURXS WKDQ WKH QRUPDO
ÀRZJURXSPPYVPP3 YV3 
5HFHLYHURSHUDWLQJFKDUDFWHULVWLFDQDO\VLVVKRZHGWKDWWKHQHFURWLFSODTXHYROXPHDQGQHFURWLFSODTXH
UDWLRZHUHVLJQL¿FDQWO\EHWWHUSUHGLFWRUVRIVORZÀRZGXULQJ3&,FRPSDUHGZLWKWRWDOSODTXHYROXPH
7KHFXWRIIYDOXHRIQHFURWLFSODTXHYROXPHIRUSUHGLFWLQJVORZÀRZZDVPPVHQVLWLYLW\RI
DQGVSHFL¿FLW\RI
&RQFOXVLRQV&KDUDFWHUL]DWLRQRISODTXHE\,986ZLWKL0DSDQDO\VLVFDQSUHGLFWVORZÀRZGXULQJ
3&,
7&7
)UHTXHQF\RI/LSLGFRUH3ODTXHLQ&XOSULWDQG1RQFXOSULW/HVLRQVE\,QWUDFRURQDU\
1HDULQIUDUHG6SHFWURVFRS\
5\DQ'0DGGHU0DUN&3LFD-DPHV$*ROGVWHLQ6LPRQ5'L[RQ
:LOOLDP%HDXPRQW+RVSLWDO5R\DO2DN0,
%DFNJURXQG1HDULQIUDUHGVSHFWURVFRS\1,56LVDQRYHOLQWUDFRURQDU\LPDJLQJPRGDOLW\FDSDEOH
RILGHQWLI\LQJOLSLGFRUHSODTXH/&3:HXVHG1,56WRGHOLQHDWHWKHIUHTXHQF\RI/&3LQFXOSULWDQG
QRQFXOSULWVLWHVLQSDWLHQWVZLWKDFXWHFRURQDU\V\QGURPHV$&6
0HWKRGV&RQVHFXWLYH$&6SDWLHQWVXQGHUJRLQJLQYDVLYHFRURQDU\DQJLRJUDSK\,&$DQGFXOSULW
YHVVHO 1,56 ,QIUD5H'[ %XUOLQJWRQ 0$ SULRU WR SHUFXWDQHRXV FRURQDU\ LQWHUYHQWLRQ ZHUH
DQDO\]HG7DUJHWYHVVHO OHVLRQV!GLDPHWHU VWHQRVLVE\ ,&$ZHUHGHHPHGFXOSULW OHVLRQV/&3
ZDVGH¿QHGDVDKLJKSUREDELOLW\VLJQDOZLWKLQDPPVHJPHQWRQWKH1,56EORFNFKHPRJUDP7KH
IUHTXHQF\RI/&3ZDVGHWHUPLQHGLQFXOSULWDQGUHPRWHQRQFXOSULWVLWHVGLDPHWHUVWHQRVLV
LQWKHWDUJHWYHVVHO
5HVXOWV$PRQJ$&6SDWLHQWVDJHPDOHDOO KDGFXOSULW OHVLRQDQG
KDGPXOWLSOHFXOSULWV7KHPDMRULW\RIFXOSULWOHVLRQVFRQWDLQHG/&3E\1,56,QDGGLWLRQ
UHPRWHQRQFXOSULWVLWHVFRQWDLQLQJ/&3ZHUHLGHQWL¿HGLQSDWLHQWV)LJXUH
&RQFOXVLRQV1,56LGHQWL¿HV/&3LQWKHPDMRULW\RI$&6FXOSULWOHVLRQVD¿QGLQJVLPLODUWRWKDWRI
DXWRSV\VWXGLHV,QDSSUR[LPDWHO\RQHWKLUGRIFDVHV/&3ZDVSUHVHQWZLWKLQWKHWDUJHWYHVVHODWDVLWH
UHPRWHIURPWKHFXOSULWOHVLRQ:KHWKHUWKHVHQRQFXOSULW/&3VUHSUHVHQWIXWXUHWKHUDSHXWLFWDUJHWV
UHTXLUHVIXUWKHUVWXG\
7&7
$QDO\VLV2I$WKHURVFOHURWLF&RURQDU\3ODTXH&RPSRVLWLRQ%\1HZO\'HYHORSHG+LJK
)UHTXHQF\7LVVXH&KDUDFWHUL]DWLRQ2I0+],QWUDYDVFXODU8OWUDVRXQG
0DNRWR8WVXQRPL\D0DVDWR1DNDPXUD
7RKR8QLYHUVLW\2KDVKL0HGLFDO&HQWHU7RN\R-DSDQ
%DFNJURXQG7KHUHDUHVRPHPHWKRGVWRHYDOXDWHDFKDUDFWHUL]DWLRQRIWKHSODTXHE\,QWUDYDVFXODU
8OWUDVRXQG,986KRZHYHUWKH\KDYHVRPHOLPLWDWLRQVEHFDXVHWKHLUUHVROXWLRQLVORZ³L0DS´LVD
GHYLFHWRDVVHVVWKHSODTXHFRPSRVLWLRQE\UDGLRIUHTXHQF\VLJQDOVIURPDQHZO\GHYHORSHG0+]
,986LPDJLQJV\VWHP7LVVXHFKDUDFWHUL]DWLRQRIL0DSLVSHUIRUPHGE\SDWWHUQUHFRJQLWLRQRIH[FLVHG
KXPDQDUWHULHV7KHHQGRIWKLVVWXG\LVWRDVVHVVWKHSODTXHFRPSRQHQWRIDFXWHFRURQDU\V\QGURPH
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